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Abstract 
The behavior of a superconducting plate with transport current in a magnetic field parallel to its surface was studied by using 
numerical solution of Ginzburg-Landau (GL) equations. Boundary conditions for the order parameter in their general form have 
been used. The boundary conditions allow to consider the influence of the plate’s boundaries on the superconducting state inside 
it. According to the calculations some features of the dependences of critical current and critical magnetic field in the parallel to 
the plate’s surface direction as a function of the plate thickness have been detected. Such dependences are not explained by 
standard formulas for thin plates. On the basis of the calculations, an approach to estimate the coherence length ξ has been 
proposed. The results of the calculations are consistent with experimental data and qualitative analysis of the calculations within 
GL theory. 
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1. Introduction 
The development of contactless methods for studying critical state of superconducting structures requires creation 
and development of the models which describe the processes taking place in such structures. One approach to the 
description of the superconducting state is based on Ginzburg-Landau (GL) theory. The advantage of this approach, 
in particular, includes an ability to describe magnetic and transport properties of superconductors, and to describe 
vortex state in a superconducting sample. Unfortunately, the equations of the theory are quite complicated and allow 
to get the solution by analytical methods in a very limited number of cases. Numerical methods allow to extend the 
considered range of cases. 
Within our work, the state of the superconducting plate with transport current in the parallel to its surface 
magnetic field was studied using a numerical solution of the GL equations. The method used for determination of the 
self-consistent solution of the system of GL equations allows to obtain parameters applied to the entire plate (for 
example, the critical current on the external magnetic field or the temperature dependences of the critical magnetic 
field and critical current density) and distribution of the parameters for the plate thickness. 
The approach to the description of real superconducting structures within GL theory was developed by taking 
into account the influence of boundaries on superconducting properties of the material for structures of finite size, 
such as a thin plate Ref. Bezotosnyi et al. (2014), Bezotosnyi et al. (2015). The boundary influence is important for 
high-temperature superconductors, which have a layered crystal structure Ref. Andryushin et al. (1993). The 
boundary conditions for the order parameter were formulated by Andryushin et al. (1993) and were obtained from 
the free energy minimum principle taking into account sample surface influence. Such boundary conditions for the 
order parameter were used in our work. 
2. Problem formulation 
In our study, the system of the GL equations was solved by numerical methods. The case of a long and wide 
superconducting plate of thickness D in magnetic field H was considered. The Cartesian coordinate system (x, y, z) 
with y and z axes parallel to the plate surface plane and the z axis is parallel to the external magnetic field was used. 
The transport current flows along the y axis. As a transport current It the current per plate unit width was used. Using 
the ordinary method for choosing the vector potential A calibration, we can write the GL equations in the form 
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κ = λ/ξ is the Ginzburg–Landau parameter, λ is the magnetic field penetration depth, ξ is the coherence length, xξ = 
x/ξ, and ψ is the normalized order parameter, 
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Ψ0 is the order parameter in the bulk superconductor at zero external magnetic field. In considered geometrical 
formulation, the vector potential has only the y-component, A = eyA(x). Instead of dimensional values of the 
potential A, field induction B, and current density jS in the superconductor, the dimensionless quantities U(xξ), b(xξ), 
and j(xξ) are introduced 
0 0 0
2 2 2 3 3, ,2 2
_
8
_ S
cA U B b j jI I ISN[ SN [ S N [    (3), 
 P.I. Bezotosnyi et al. /  Physics Procedia  71 ( 2015 )  389 – 393 391
φ0 is the flux quantum. 
For the order parameter equation (1), we choose the boundary conditions in the form 
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d = D/ξ, Λ – parameter of the plate surface. This parameter was considered in scale of the coherence length ξ. 
Since the transport current It in the plate induces a magnetic field:  
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the total field near the plate surfaces is Н ± HI , and the boundary conditions to Eq. (2) are written as 
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The magnetic field penetration depth λ and coherence length ξ depend on temperature. Therefore, the presented 
dependences are implicit functions of temperature and are formally valid at any temperature T. However, the GL 
equations themselves are applicable only in the limit T ė Tc. 
The current density J was considered as the ratio of the transport current value to the plate thickness d. The value 
of the critical current density Jc and critical field hc for the superconducting plate was assumed to be equal to the 
value of the current density J or an external field h in which the order parameter becomes zero ψ(xξ) = 0 everywhere 
in the plate. 
Initially, an approach was used to consider Meissner state the plates as a one-dimensional problem. However, 
there is a transition from one-dimensional to two-dimensional problem, describing vortex state of the plates, 
resulting in the appearance of the second symmetric solutions for the one-dimensional order parameter Ref. 
Bezotosnyi et al. (2014). As a result, it is possible to obtain the distribution of the order parameter for vortices in a 
superconductor. 
3.  Results of the numerical calculation 
The dependences of the critical current density and parallel critical magnetic field on the plate thickness were 
calculated. General boundary conditions with finite Λ and Λ=Ğ were used in numerical calculations of the GL 
equations. The dependences of the critical current density on the plate thickness for the different values of the 
parameter of the plate surface Λ are shown in Fig. 1 (a). The calculation was made for the case κ =10. The Ginzburg-
Landau parameter κ for most superconducting materials used today in practice has the level of 10 or more, so the 
case κ =10 is interesting from the point of proximity to the practically used materials. As the figure shows, the 
decrease in the critical current density with decreasing plate thickness is observed in the case. This effect was 
repeatedly observed in experimental works; however, as a rule, it was assumed that the decrease in the critical 
current density with decreasing plate thickness is caused by plate structure degradation: ultrathin films (plates) cease 
to be homogeneous and become island ones. Generally, it is believed that the critical current density does not change 
with decreasing plate’s thickness. However, the results of numerical solution of the system of the GL equations with 
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boundary conditions of the general type with finite Λ find similar with practical data dependence of the critical 
current density on the thickness of the plate, and for the case Λ=Ğ gets by well-known result of the constancy of the 
density of the critical current with changing plate’s thickness. 
The dependences of the parallel critical magnetic field as a function of the plate thickness are shown in Fig. 1 (b). 
Simple analytical calculations in assumption of the order parameter constancy on the thickness of the plate show that 
parallel critical field increases with decreasing thickness according to the law 1/d. Indeed, our calculations for the 
case Λ=Ğ demonstrate this result. In fact, the dependences of the critical magnetic field on the thickness weakly 
changed at values of Λ over 200. However, at finite values of Λ there is a maximum of the critical magnetic field at a 
certain thickness. The value of the critical field begins to sharply decrease with further decrease in the thickness.  
 
 
Fig. 1. (a) The dependence of the critical current density Jc (ratio of the critical current to the plate thickness d), normalized by the current density 
of  Ginzburg-Landau depairing current JGL, on the thickness of the plate d for different values of the boundary parameter Λ. In this case, the 
external magnetic field h = 0, κ = 10. (b) The dependence of the parallel to the surface of the plate critical field hc on the thickness of the plate d 
for different boundary parameters Λ. In this case, the transport current is absent, κ = 10. 
 
 
Fig. 2. (a) The dependence of the parallel critical field hc as a function of the ratio T/Tcm for superconducting plates with different thickness d.   
Here Tcm - critical temperature of the bulk sample, κ = 10 and Λ =10. The point at which the solid lines begin to diverge with dashed lines for 
plates with d=4 - point associated with the nucleation of vortices in the sample; (b) The distribution of the modulus of the order parameter ψ in 
the plate in the vortices case. The x axis is directed into the depth of the plate, the y axis is directed along the surface of the plate. Here d=4, κ=10, 
Λ =10. The coordinates are given in units of ξ. The external magnetic field is 80Hξ. 
Analysis of the dependences of the critical field and the critical current density on the thickness shows that there 
is some critical plate thickness at which critical current vanishes, and thus, superconductivity not exist in this plate. 
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This value depends on Λ (compare Fig. 1 (a) and 1 (b)). The formula for this thickness was previously obtained 
analytically by Andryushin et al. (1993). The critical thicknesses calculated by the analytical formula are the same as 
those that are visible in the dependences obtained by numerical calculations. 
Fig. 2 (a) shows the temperature dependences of the parallel critical magnetic field for different values of the 
plate thicknesses d. The dependence for the case d=4 represents changing type of the dependence from root character 
to linear. The root dependence is typical for Meissner state of the plate. The linear dependence is typical for vortices 
state of the plate (shows by dash in figure). The nucleation of the vortices in the plate is proved by the order 
parameter calculations (Fig. 2 (b)). The existence of such a feature can be used to estimate the coherence length ξ of 
the plate. The ratio of plate thickness to the coherence length has a certain value for every parameter of the plate 
surface Λ. Such features were previously observed in the experiment Ref. Shabanova et al. (2007). 
4. Conclusions 
The main results of the study can be formulated as follows. 
Numerical methods were used for solving the system of the GL equations with the boundary conditions in 
general form for the order parameter. Such type of the boundary conditions allows to consider the influence of the 
plate’s boundaries on the superconducting state inside it. The influence of the boundaries on the superconducting 
state inside plate corresponds to the case of finite Λ. 
The dependences of critical current and critical magnetic field of superconducting plates as a function of its 
thickness have been obtained. These dependences for the case of finite Λ are different from well-known classical 
dependences and show existence of the critical plate thickness at which critical current vanishes, and thus, 
superconductivity does not exist in these plates. 
The temperature dependences of the parallel to the surface of the plate critical magnetic field for different values 
of the plate thicknesses were obtained. The features connected with the nucleation of the vortices in the plate on 
these dependences are observed for particular thicknesses of the plate. The conclusions are supported by the order 
parameter calculations. The features can be used to estimate the coherence length ξ of the plate for different values 
of the parameter of the plate surface Λ. 
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